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SUT-.-^MARY 



Tests have been conducted in the NACA 19-foot 
pressure tunnel of a 0. 50- scale semi span model of the 
XT32D-1 airplane wing and fuselage combination • The 
pi^.rpose of the full-span flap and air-brake investigation 
v/as to determine the optimum position of the double- 
slotted flap;, bhe characteristics of the full-span flaps 
at various defloctions in their fully extended position, 
the effectiveness of deflecting the full-span flaps to 
small positive angles as a camber changing feature, the 
stalling characteristics of the v/ing, and the effectiveness 
of the flap as a brake vvhen deflected to negative angles. 

The data Indicate that on the airplane any one flap 
parameter could be moved 3/l6 inch from its optimum 
position and not appreciably affect the value of the 
maximum lift coefficient. A loss of flap effectiveness 
v^as encountered between 50^ and 55^ flap deflection due 
to a stall condition on the flap for nearly every con- 
figuration tested. The effective camber changing feature 
produced no drag reduction except above a lift coefficient 
of anproximately 1.1. The stalling characteristics of 
the wing were, in general, satisfactory. For braking in 
a dive, decelerating, and evasive maneuvering, the brakes 
produced a drag coefficient increment of 0.C77 sit a 
deflection of -511.^ which appeared satisfactory a^rom some 
preliminary calculations . 



IITTRODUCTJ.ON 



'Bie XTcCD-l civil9ne is a proposed single-engine 
toroeCo bonber .lesigned by the Douglas Aircraft 
Corporation to onerate from aircraft carriers and capable 
of carrying a large disposable load* Design inf orination 
for this airolano has been )reviously obtained on a 
relatively sr.all scale uodel of the airplane in the 
GtigiAenheim Aeronautical Laboratory, California Institute 
of Technology, and on a sirrrolifiod model of the air- 
plane in tlie ITACA ]9-foot oressui^e tunnel. ' In order to 
obtain additional information at large •\/alaes of Iceynolds 
nur.^ber, a O.^vC -scale semispan v-iodel of the XTB2.D-1 air- 
••.-^lane was ter:ted in the FAOA 19-foot pressure tunnel. 

To adapt the tunnel for the semispan rr.odel a large 
end :»late vrns installed to 3erve .^:is a reflection -^lane to 
maintain the lift distribution at the root section. 

The j::odel was equipped with a full- span, double- 
slotted flan arran^senent. The inboard section of the 
full-snan flap (the flap) was designed to act either 
as a high lift device or as an air brahe. The ovif.^ioard 
section'(the roll flap) was designed to provide additional 
lift and to serve as a lateral-control devicOv 

"■ihe data from the tests are presented in two 
separate renorts. This report (part I) presents the 
results of tests made to determine the opti'Tium position 
of the flao, the effectiveness of the flap and roll flap 
a s hi gh 1 i f t de vi c e s , t: le 3 tall 1 ng ch ar ac t e r i s t i c s of t :'ie 
model^ the air-brake characteristics, the flap and roll- 
flao hin-'e -nov ents and loads, and the effectiveness of a 
camber changing feature. Part II (reference 1) oresents 
the roll-flao positioning tests and the lateral control 
characteristics. 



COEFFICIENTS AND SYT.I30LS 

The coefficients and symbols used herein are defined 
as follows: 

C- lift coefficient {L/ql^) 

Cq drag coefficient (D/4S) 



C-,:. pi tch:u:ig-ni orient coefricient (M/qSc) 

Oh-jT. -■fls'^P hinge-moment coefiiciont (Hf/qSfCf ) 

Cj^j^. flap normal-force coefficient (N^/qS^ ) 

Cn.r. flap chord-force coefficient (Cf/qSf) 

^ha roll-t^lap hinge-moment coefficient ( Ha/qh^^'cQ^^ ) 

C-^,j roll-flap normal-force coefficient (N^/qS^) 
a 

Cq_. roll-flap chord-.-force coefficient (CaASa) 
a 

where 

L lift 

D drag 

M pitching moment about = 0.25 nean aorodynaiiic chord 

Ef flap hinge moment about 0,5'^ flap chord 

Nf flap normal force 

Cf flap chord- force 

Ha roll-flap hinge moment about 0.26 roll-flap chord 

Na roll-flap normal force 

Ca roll-flap chord force 

/l o\ 

q dynamiic pressure of free stream V^P^^'^J 

S semi span wing area {ZJ^Zh. square feet) 

c mean aerodynamic ch.ord (2,696 feet) 

flap area (3.2L5 square feet) 

Cf total flap chord {Q.7kh foot) 

ba'ca^ product of rol]-flap span and square of root- 
mean-square chord of roll flap aft of hinge 
axis ( 0.352 foot?) 



h 

So roll-flap area (2.654 feet^) 

V a3.rspeed 

p mass density of air 

and 

a corrected angle of attack of v/ing reference line 

5f flap deflection, degrees 

5a. roll-flap deflection, degrees 

C^,_^ flap vane angle, degrees 

5v roll-flap vane angle, degrees 
^a 

flap cut-off angle, degrees 

5r> roll-flap cut-off angle, degrees 

^a 

Ef extension of flap, percent of maxirnur. flap 

extension 

Eo extension of roll flap, percent of maxiimm roll- 

flap extension 

c wing chord at any spanwise station (35»7 inches 

^ from wing root to wing fold line; 3^.3 inches 

at inboard end of roll flapj l8.b inches at 
outboard end of roll flap) 

s;-, radial distance from winr; lip to vane 

In distance from wing lip to leading edge of vano 

parallel to wing reference line 
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radial distance from vane trailing edge to flap 

In distance from vane trailing edge to leading edge 

of flap parallel to wing reference line 

R Rejrnolds number (pVc/ii) 

i: Ma ch number (v/Vr>) 

. coefficient of viscosity 

sonic velocity 



APPARATUS AND TESTS 



The semiapan model of the XTB2D-1 airplane 

wing and fuselage combination, constructed by the Douglas 
Aircraft Corporation, is shovm in figure 1. The arrange- 
ment of the end plate furnished by the NACA and the 
location of the model with respect to the tunnel is shown 
in figures 2 and 5. 

Figure 1 shows that the wing, which was built 
around modified NACA low-drag sections, has rectangular 
center sections and the outer panels are tapered 2:1. 
The leading edge of the wing is straight and there is 
12^ geometric dihedral in the cuter panels. The model 
fuselage did not exactly conform to the shape of the 
prototype but was similar in size to a scaled model of 
the airplane fuselage. 

The wing and flaps were constructed of mahogany 
reinforced with steel; whereas, the vanes were made of 
solid steel. The surfaces were kept aerodynamically 
smooth by filling surface discontinuities with crack 
filler and glazing putty and finishing with carborundum 
paper. 

The end relate was constructed of a basic steel 
frariiework to which was fastened ^-inch plywood. The 

gan between the fuselage and the end plate was held 
at approximately 5/B inch. 

Figure Ij. shows the following items that were 
attached to the model for various tests: vane-bracket 
covers, wing-fuselage fillet, partial end-plate seal, 
and a flap wedge which either moved v/ith the flap or 
was held in a retracted position. 

Figures 5 6 show the inner and outer sections 

of the 25-percent chord, full-span, double-slotted flap. 
Also included in these figures are the small and large 
chord flap and roll-flap vanes vi^hich were supplied vath 
the model. 

Figures 7 sind 8 show the various attitudes of the 
Douglas "all-purpose full-span flaps" which were tested 
on the semlspan model. For take-off, landing, maneuvering 
and attitude control, the flap and roll flap operate in 
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tho^ir fully extended position^ the deflection of the flap 
.T.a7 be anwhere between 7^ and 55^ and the neutral 
deflection of the roll flap (froxn which it operates as 
a lateral-control device) is between 7^ and 30^. The flap 
and roll flan deflect together from 7^ to 50^\ At 30^ 
the roll flap has reached its maximum deflection as a 
high lift device* whereas, the flap may continue to a 
deflection of 55^. The existing design is such that the 
deflection of the flap and roll flap shall be dictated 
by the hinge rn^oments acting on the surface • 

In order to provide for braking in a dive, decel- 
erating;, and evasive maneuvering, the flap may be 
deflected to. negative angles in its fully extended 
position. For this flap configuration the roll flap 
m.ay be either in its retracted or extended position. 

In an atbempt to extend the low profile -drag 
range by increasing the wing camber, the full- span 
flaps could be deflected to lOO in their retracted 
positi on. 

To obtain the optimum position of the flap^ studies 
were made with the flap deflected 55^ in its fully 
extended position. The six parameters, v/hich were 
independently varied in obtaining the best lip- vane- 
flap location, are shown in figure 9* 

The characteristics of the flaps wore investigated 
for the following three con(3itionss 

1. Deflection of the flap and roll flap to positive 
angles for the landing and take-off attitude 

Z. Deflection of the fla'o to negative angles for 
the air-brake condition 

5, Deflection of the flap and roll flap to positive 
angles, in their retracted position, to obtain 
effective camber change . 

To facilitate further discussion a "standard-model 
configuration" is set up which consists of the following 
component parts r 

1. Wing and fuselage 

2. Small chord vanes 



5. Flap wedge moving with flap 
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The no^el v>/as c?.lterecl from tlie standard configuration 
during the investigation by 

1. A partial end-plate seal v/hich extended aronnd 

"'the front portion of the fuselage from the 
leading edge of the wing on the top of the 
fuselage to the trailing edge of the wing 
on the bottom of the fuselage 

2. A complete end-nlate seal which was similar to 

the partial seal but extended aft of the wing 
on both the top and bottom of the fuselage 

5* Large chord vanes 

Flap wedge held in a retracted position 

5. Wing-fuselage fillet 

6. Vane-bracket covers 

7. A spoiler on the leading edge of the flap 

Stall studies of the complete sem.ispan m.odel were 
made with the flaps re tracted" and fully extended. These 
studies were recorded by visual observation, still 
pictures, and moving pictures of tufts located at 
approximately 20, 50, 1+0, 50, 60, 70, 80, and 90 percent 
of the wing chord and spaced about every 2 inches spanwise. 

The majority of the tests were made at a Reynolds 
number and Mach number of approxim^ately 5,200,000 
and 0.12, respectively. All tests v/ere made through a 
suitable angle-of -attack range with the air in the tunnel 
com.pressed to approximately 2- atmospheres. These tests 



are outlined in detail in table !• 

The aerodynamic forces and moments were measured 
by means of a six-component simultaneous recording 
balance system. The flap and roll-flap forces and 
moments were measured by electrical resistance- type 
strain gages. 



All results Y/ere reduced to standard nondimensional 
coefficients converted so that the coefficients apply to 




REDUCTION OF DATA 
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bhe complete vvlng. The pitching moLient applies to a 
center-of-gravity location in the plane of symnetry at 
25 percent of the mean aeroaynmuic cliord and is referred 
to the wind axis. 

No corrections v/ere made to the data for the 
effects of drag and Interference of the model support 
system.. There foi-e, the values of lift, drag, and 
pitching-moment coefficients Include the amount caused 
oy such/ef fects . However, the increments in these 
coefficients due to flap deflection may be taken to be 
correct, neglecting the small Increments in the tare 
values due to the flap deflections • 

Corrections were made to the drag coefficients to 
accoixnt for jet-bcundary effects « The corrections made 
to the angle' of attack wex^e air-flow misallnement and 
.let boundary (including streamline curvature). No 
corrections^were applied to the lift coefficient, the 
pitching-moment coefficient, and the flap or roll-flap 
hinge m,oment or force coefficients. 

'Ihe magnitude and sign of the complete corrections 
to the gross data are given in the following equations: 

G-n ^ Ct) + 0.01205c 2 

^ -^gross 

a = a tunnel -f 0.788Cj^ + 0.5^ 

RESULTS AND DISCUSSION 
Full-Span Flap Positioning 



Flap positioning.- The lift and pitching -moment 
charaFt"erT3tTcs of TTTe model, obtained by varjrlng each 
flap parameter (fig. 9) independently, are shown in 
figure 10, For this investigation the flap was deflected 
550 and the roll flap $0^. It is appreciated that the 
method of positioning the flap and vane, whereby the 
parameters" are varied only once, might not give the 
optimum arrangement; but due to time lim.i tations , the 
method used was considered sufficiently accurate. 

In figure 11 the m.axiiaiam lift coefficient is 
plotted against each of the parameters. It is Indicated 
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that bhe maximum lift coefficient does not decrease more 
than OoOl from the optimum value if the parameters romai 
within the follov/ing ranges; 
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0, 025 Cw 
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29° 


to 


350 



v/here c^ - 55*7 inches. The cut-off angle 5^^ does 

not apioear critical but, as the cu3?ve is based on only 
two points, it is best to limit the optimijim position to 
a single angle/ 58^- 

The data indicate that any one flap parameter on 
the a.'rplane could be changed at least J/lo inch from 
its optlmiim position and not decrease the v^alue of the 
maximwi lift coefficient by m.ore than 0,01, 

E ffect of roll-flap positi oning,-' The results of 
positToning the roll flap for highest lift coefficient 
compatible with optimum rolling effectiveness are 
presented in reference 1. These positioning tests 
were made with the roll flap deflected JO^ in its 
fully extended position. Figure 12 shoves a comparison 
of the aerodynamic characteristics of the model for the 
roll flap located in its predetermined and optimiom 
positions. In both cases the flap was deflected 55^ 
and the flap parameters were located in their optirr.um 
position. The results show that the maximum lift 
coefficient was only slightly increased and the drag 
coefficient was slightly decreased when the roll flap 
was changed from its predetermined setting to the 
optimum setting arrived at from this investigation. 



Effects of Miscellaneous Items 

Scale effect s- The effect of change of f?eynolds 
and Mach nuraber on the lift, drag, and pi tching-moment 
characteristics of the model with the flap and roll flap 
deflected 55^ 50^, respectively, is shown in fig- 
ure 13, It may be seen that there was practically no 
scale effect over the range tested. 
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]i;.ffect of vaTie - r a c k e t c o ve r s . - Covers (fi3« 4). 
were Irs talked over the vane oracle bs for the flap 
positioning runs. The effect of these covers is shovm 
in figure li^. It is indicated that their only important 
effect was to improve the lift characteristics 



near Ci^^ 



ax 

Effect of vv'j np;-rn3e_laf^e f ille t . - In an attempt to 
ir:iprove~Tire~liTt^hafactsri sties"" of the wing, a fillet 
(fig. I4.) was installed at the wing-fuselage juncture. 
The effect of the fillet on the aerodjmamic charac- 
teristics of the model is presented in figure 15 . Tne 
fillet increased the arxgle of stall 2.S and Ci^^g^^ 
by 0.05. It also slightly increased the drag throughout 
the lift range. 

Effeot_c)f .e^'^^-^-'^^-'^'^Q seal,- The effect of a partial 
and complete end-olate seal with the full-span flaps in 
their fully extended position and a complete end-plate 
seal with the fl(iv;3 retracted is sho^n in figures l6(a), 
ir(b), and l6(c).^ With the flaps extended either seal 
increased the maximum lift coefficient by approxi- 
mately 0.1. In the flaps-retracted condition, the 
addition of the seal did not appreciably affect the 
lift characteristics. 

No aerodynamic characteristics except the lift 
coefficient are rji-esented when the seal was installed 
because of excessive friction be tr/een the rubber seal 
and the end plate. 



Pull -Span Flap Investigation 

Presentation of dajta.- The results of the flap 
investi'giHc:n~a?e"T5Hr.T«nted herein for various positions 
of the full-span flaps during the extension cycle 
(figs. 7 and o) for the following model conditions: 

1. Standard model conf igxiration (figs. 1? and iS) 

2. Standard model configuration vith a complete 

e-'id-plate seal and wing-fuselage fillet 
(fig. 19) 

3. Standard model configuration with a complete 

end-'Dlate seal and flap spoiler (fig. 20) 
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J}., standard model configuration v/ith a coraplete 

end-plate seal, flap spoiler, and large chord 
vanes (fig. 21) 

The aerodjmamic characteristics of the wing, flap 
and roll flap are presented for the following full-span 
flar) positions with the model in its standard con- 
figurations 
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Less complete data are presented for the other 
three model conditions. It was believed that no 
extensive program should be carried out when the end- 
plate seal vvas installed because of the excessive 
friction between the seal and the end plate. 

It will be noted that in conditions 3 and \^ the 
standard model configuration was altered by the addition 
of a flap spoiler (fig. 5)» The spoiler was found 
advantageous during the dive-brake investigation; 
consequently, the effect of the spoiler v/as checked 
during the full-span flap investigation. 

Ma ximu m lift coefficie nt.- The following table 
lists~The vaiue of the maximum lift coefficient for the 
four different model conditions (5f ~ 55^^ 5a - 50^): 
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Gcndition 


Variation from 
standard model 
configuration 


Maxim trni lif t 
coefficleut 


1 




2.81 


2 


Cojiiplete end-plate seal and 
vring-fuselage j^illel: 


2^90 


3 


Coi-nx.lete end-plate seal and 
flap spoiler 


2.85 


h 


Go?.aplete end- plate seal, 
flap spoiler, and large 
chord vanes 


2.95 



Thus, it Is seen that v/hen the end-plate seal or 
the large chord vane were installed, an increase in 
maximiim lift coefficient is obtained; whereas, the 
flap spoiler decreases the maximim lift coefficient. 



Prom the pi tching-moment data presented in fig- 
ure l3(c), it Is estimated that trim^ning the airplane 
will decrease these maximwn lift coefficients approxi- 
mately C.llj.. 

Flap ef f ecti veness e - The variation of the lift 
coeffTcTent witin^uTI^pan flap deflection at c. = 0^ 
.'''or the four model conditions is shown in figure 22. 
It is apparent that there is a loss in flap effectiveness 
between yO^ and 3^^' flap deflection for all model 
conditions, except when the model was equipped with 
large-chord vanes. It v/as Indicated frOxm some 
unpublished studies of the flap stalling characteristics 
that the loss in flan effectiveness might be caused by 
the flap partially stalling, 

Effec b of s poil er Figure 23 shows that the 
effect of tlie flap spoiler on the aerodynam?'c charac- 
teristics of the wing, with the flaps in their high lift 
attitude, was to decrease the lift throughout the 
angle-of-attack range • -This decrease in lift was 
accompanied by a decrease in the magnitude of the 
pitchi?ig moment. The addition of the spoiler also 
decreased the magnitude of the flap normal force and 
cliord force but slightly increased the magnitude of 
the flap hinge moment. 
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Effect c f flap wedge .- Tho effect of the f?.ap 
wedge in its "retracted and extended position with the 
flaT) and ro.M flap deflected 55^ ^^'^^ 9 respectively^, 
in tlielr fnll:;/ extended position is shown in flgiire 21].. 
An increase in drag, v/ith the flap wedge extended and 
at 55^;> ^'^SLS the only marked effect that occurred. 

Effective craTroor c hangi ng -'eature t- The aerod;/nainic 
characterTs tics "of the wing^" f'Fap^ and roll flap are 
presented in figure 25 for the cases where the full-span 
flaps were deflected to approximately 0^, 5*^, and 10^ in 
their retracted position. It v/as desired that the small 
flap deflections u.ould effectively increase the wing 
camhor and thus reduce the drag at the lift coefficient 
for best climb, ceiling, and range* It is shown that no 
drag reduction was obtained except above a lift coeffi- 
cient of approxim.ately 1.1. 

Stall ing charac beristics The stalling charac- 
teristics 1'or the ccndiTTbns of flap neutral and full- 
span flaps deflected are presented in figure 26. In 
general, the stalling characteristics of the semlspan 
i:iodel may be adjudged satisfactorily, Tlie stall starts 
near the wing- fuselage juncture at tho trailing edge 
and spreads forward and outboard on the inner panel 
of the wing. Over the range tested, the roll flap 
showed no indication of stalling. With the full-span 
flaps deflected, a portion of the flap remains stalled 
Tintil the wing starts to stall a This acco^mts for the 
hook in the 11 fb curve close to the stall. 

These stalling characteristics were obtained by 
observing wool tufts attached to the model. The 
prese?ice of the tiifts had a detrimental effect on the 
lift coefficienb. It is believed, .however, that the 
stall Torogression noted v^ith tufts on is indicative of 
the stall which would occur v;hen there were no tufts 
attached to the wing. 

A i r - B :^ a k e In ve s t i g a t i o n 

The Sxoeclf i cations , for the brakes on the XTB2D-1 aii^ 
plane, supplied by the Douglas Aircraft Corporation, 
state that the brakes shall limit the speed to 14.25 miles 
ner hour indicated airspeed in a '3^^ dive. Reference 2 
indicates that a torpedo bomber should lose speed as 
rapidly as possible until a speed of approximately 
165 miles per hour is reached during a torpedo attack. 



other airplane characteristics caused by the application 
of the air brake v;hich require consideration are (1) that 
attitude and tririi changes shall be small and (2) the 
hinge-moment characteristics shall tend to keep the 
brakes in a closed position and progressively increase 
the force necessary to open the brakes. From the 
structural standpoint of bhe airplane it was desired 
that the air-brake cycle produce (1) no decrease in 
lift at a particular^ungle of attack or increase in 
angle of attack at a particular lift coefficient in 
order to insure that tbe aerod;^7nr.mic loads do not 
shift from the Inner to the outer wing panel, (2) no 
increase in the magnitude of tlio pitching moment to 
prevent the down loads on the horizontal tail from 
becoming erccessive, and (3) flow separation on the 
lower surface of the flap to reduce the magnitude of the 
loads on the flap. 

The characteristics of the v/ing and the air brake 
for several flat) deflections at various points In the 
brake extension cycle (fig, 7) are presented in fig- 
ures 27 through :55. Results are shown for two cases: 
(a) normal flap configuration and (b) flap equipped 
with a spoiler. , 

A comparison of these two cases^ in the fully 
extended position of bhe brake, showed that the addition, 
of the spoiler reduced the normal forces acting on the 
flap by causing the flow over the lower surface of the 
flap to separate. The effect of Reynolds nmber on the 
characteristics of the air brake, deflected -15^ in its 
fully extended position with the leading-edge spoiler 
off, ^ is shown in figures 50(a) and 30(b). These results 
indicated the desirability of obtaining all further data 
relative to the air brakes for this airplane at the 
highest possible Reynolds mmber and with the spoiler 
attached to the flap. 

For the condition of zero lift coefficient, the 
variation of increment of pitching-moment coefficient, 
drag coefficient, and angle of attack with flap deflection 
during the brake circle is shown In figure 36. With the 
spoiler on the flap the drag coefficient is Increased O.O77 
at a flap deflection of -5^r* ^'^ 'th^ -l^P follows its 
design path (fig. 36 ) to a deflection of -^k^ , there is 
a maximum, change of 2^ in the angle of attack and 0.0o3 
in the pitching-moment coefficient. 
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Figure yo also shows that at -11,5^ f-lap deflection 
there is a negative pi tchin^-moment coefilcient change 
which f-orther Increases bhe down load on the tail and 
that above a flap deflection of approximately -11. 
there is a positive change in the angle of attack which 
v;ould indicate that the aercd;^/iiamlc ioads are shifting 
to the outer wing panel* Both of these changes are 
structurally disadvantageous and the design path of the 
flap may have to bo altered. 

The hinge -moment characteristics shown in fig- 
ure 35 indicate that the bral-^es would tend to remain 
closed in the high-speed condition and that if there was 
no appreciable change in the attitude of the airplane 
during the brake cycle a progressively increasing force 
is neces-^ary to open the brakes. 

The effect of the large chord-flap vane on the 
characteristics of the wing and flap v;hen the flap is 
in its fully extended air-brake attitude is presented 
in figure 57* The information available is insufficient 
to predict what effect the large chord vanes would have 
on the complete dive-brake characteristics but it is 
apparent that they would increase the drag increment. 

Preliminary calculations have been made of the 
effectiveness of the brake for application to the 
XTB2D-1 airplane. Tv/o conditions have been analyzed: 

(1) the level approach to a target at sea level and 

(2) a dive approach from various altitudes up to 
20.000 feet* The^ first condition was analyzed by methods 
described in reference 5 ^^-^d for the second condition 
reference 1| was utilized. The results of these calcula- 
tions and the assumntions made for the calculations are 
presented with the following tables? 



LEVEL APPROACH AT SEA LEVEL 



Wing loading, pounds per square foot 

Initial velocity, miles per hour • . » o 0 . . » . . . . • c ^00 

Brake drag incvem.ent 00.0 0. 077 



Assime tl'TOt '■•:'} e setting remains constant 



Tims after 
applying 

Id r alee 

( sec ) 


El stance 
traveled 

(ya.) 


■Velocity 
( ^Tiph ) 


0 

5 

10 

15 

20 
25 
30 
35 


0 

1520 
1670 

21x15 
2890 

33liO 
3770 


300 
270 

21+5 
22^- 
205 
190 

175 
165 



These calculations indicate that with the brakes 
set at -^Ii-^ it would take 55 seconds to decrease the 
speed of" the airplane from 5OO to I65 miles per hour. 
In this time interval the airplane v/ould have traveled 
2 miles a 



50^ DIVE APPROACH 

Wing loading, pounds per square foot o . « 5^ 

Initial velocity, miles per hour ... ^ c ...... , 200 

Brake drag increm.ent o . » . . . • . <, c 0, 077 

Assumed airplane dr?g «...oooo Oo 0^3 

Drag available for braking . » o o . . o o . o • . o 0.112 

It v/as assumed that the variation of airplane profile 
drag with Mach number for the ZTB2D-1 airplane was the 
same as airplane B of reference Jo 



Height, h, at which 
dive is started 
(ft) 


True velocity at 
h = 0 
(mph) 


3poo 
12,000 
16,000 

20p00 


375 
1+00 

11-15 
[125 
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These resr.lts indicate that in a ^0^ dive started 
at 20,000 feet v/ith the brakes deflected -^[4.^ the speed 
of the airplane \vo\.ild not exceed )|,25 jniles r)er hour at 
sea level. 



GO^ICLTJSIONS 



This Investigation of che characteristics of the 
full-span flap and air brake on the O^JO-scale ssmispan 
model of the XTE2D-1 airplane wing and fuselage com- 
binatio.n indicate that? 

1, On the airplane an 7/ one flap parameter could bo 
moved at least 3/lS inch from its optimum setting and 
not decrease Gt^ bv more than O.Ol. 

2. A maximTJin lift coefficient of 2.95 was obtained 

when the model was equipped with a complete end-plate 

seal, flap spoiler, and large chord vanes. Or was 

Tiax 

decreased 0.10 when the sm.all chord vanes were installed. 

It is estimated that trimming the airplane will cause an 

additional decrease in Or of approximately O.ll].. 

in ax 

5. Nearly every model conl'iguration showed a loss 
of flap effectiveness between 50^ 55^ due to a stall 

condition on the flap. 

l-l.. The effective camber changing feature produced 
no drag reduction except above a lift coefficient of 
approximately 1.1. 

5. The stalling characteristics of the model appear 
to be satisfactory either with the flaps retracted or 
with the flaps fully extended. 

6. For braking in a dive, decelerating, and evasive 
m.aneuvering, the brakes produced a drag coefficient 
increment of O.O77 at -5)4.^ flap deflection. During the 
brake cycle from fully retracted to -5^^ deflection, a 
maximum change of 2^ angle of attack and O.O65 change 

in pitching-moment coefficient was encountered. 
Estimates of the airplane performance with the brakes 
deflected -5[|.^ indicate that, in a 50^ dive started at 
200 miles per hour at 20,000 feet, the indicated airspeed 
will not exceed 14.25 miles per hourj it is also indicated 
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b^at^ at sea-level altitude, the tiine required to 
decrease the speed of cbe airplane from 500 to 165 miles 
rier hour would be 55 seconds » During this time interval, 
the airplane would ha/e traveled 2 miles. 



Langle^T- J'^emoi'ial AerouciU.tical Laooratory 

iTational :\d-^dsorv Commit bee for Aeronau.tics 
Langlev Field. Va., Seutember 7, 19lil|- 
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TABLE I.- TESTS 



AND PiaURBS 



ApproxiacLt* 
dynamic 

(Ib/.q ft) 



PrasentatioB 



Variation trcm 
standard modal 
eoKflguratlon 



paroant) 



pareant ) 



6f 

(dag) 



[dag) 



10 
11 

12 
15 

15 
16 

17 



18 
19 



2h 
25 



26 
27 



28 

29 
30 
51 

52 
55 
5U 
55 
56 



Plap positioning 



Sxmmary of flap 
petition Ing 



Effect of poaitien- 
ing roll-flap 

Effect of Reynold* 
nuBbar 

Effect of van** 
bracket oovar* 
Effaot of vlng* 
fuselage fillet 

Effect of partial 
and ccnpleta and 
plata saala 

Flap Charaot«rl«tlef 



do. 



---do. — 



Svonary of flap 
oharaeteristiac 



Effect of spoiler 



Effect of flap wedge 



Effective easfbar 
changing featvir« 



Stall 
oharaoteristles 

Air-brake 
eharacteristies 



.....Hio. 
do. 

-do. 

do. 

do. 

do. 

do. 

Summary of 

air-brake 
characteristloK 



Air-brake 
characteristics 



Cl ▼« a, 

«i. h. «2. 

l2.0Tf. 

Cl cd. 

a, C„ 

Cl v» Cd, 
a, Ctt 



Cl vs a 



Cl Cn, 

«. Cm; Cl 

CNf. Ccf.; 
Cl ^ Ch^, 

OHa' ^Cf 
— -do.--. 

Cl ▼« « 



Cl vs o ; 
CRj. CCf 
Cl ▼« aj 

Cl w Chf^ 
Cl 

Cl at 

O r 00 



X 



Cl ^ Cp, 

a, Cjn; 
Cl vs Chf . 

Cl vs Cd, 
a. C« 



Cl y» Cd, 

o. Cb'.Cl 

CHf. Ccf-, 
Cl*5 Ch , 
CHa. 2c; 



Cl ^" Cd, 

a, Cai 
Cl vs Chf 

CNf =Cf 

— ^o.— 
---do.- — 
--•do.--- 
— -do.-— 



— -do 

-— do.— 
---do.--- 
---do.--- 

ACd »t 

Cl = 0 

vs 8f 

Cl Cd, 
a, Cb, 
Cl vs Chf, 
CNf. Ccf 



50 
50 

50 
Vary 

50 
50 
50 

50 



50 
50 



50 
50 

5C 

50 

50 

50 



50 
50 



50 
50 
Vary 

75 

75 
75 
75 
75 
Vary 



Vane -bracket 
covers 

do. 



Wing- fuselage 
fillet 



Vane^^braakst 
covers 



Win«- fuselage 
fillet 

Partial and 
eomplKte end- 
plate eeala 



Oenplet* end- 
plate aeal and 
vinc-fnMlage 

fillet 

Oenplete end- 
plate seal and 
flap apoiler 

Complete end- 
plate seal, 

flap spoiler, 
and large 
ehord Tone a 

Cooplete end- 
plate seal, 
wing- fuse lege 
fillet, flap 
spoiler, and 
large ohord 
vane a 

Plap spoiler 



Flap wedge 
reliraeted maA 

flap spoiler 



Vlng- fuselage 

fillet 



Flap wedge 
retraotcd 



-—-do.---— 

do. 



Plap wedge 
retracted and 
flap spoiler 

......<lo.— -— 
......do.— — 

-do. 

- — - — do,- — 



Plap wedge 
retracted, flap 
spoiler and 
large chord 
vanos 



100 
100 

100 
100 
100 
100 
Vary 

Vary 



100 
100 



100 
100 
100 
100 
Vary 

Vopy 



100 
100 



55 
55 

55 
55 
55 
55 
Vary 

Vary 



Vary 
Vary 



Vary 
Vary 



60 
100 
Vary 

.1^0 
60 

So 

100 
Vary 



V*jry 
0 



Vary 

55 
55 

Vary 



Vary 
Vary 



Vary 

vary 
Vary 
Vary 

Vary 
Vary 
Vary 
Vary 
Vary 



Rollrflap not in its 
optiocB poaition 



Vary 
Vary 



Vary 



30 

50 
Vary 



Vary 

0 



Roll-flap not in its 
optimua position 



Roll-flop not in its 
optiauB position 

{fig. 16(a)) 
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Moan aeroc/ynamic c/xyd 32.351 in. 
D/s/oncp ofM.A.C. Frvm 0 -36. 760in. 
Wing arm 27. 240 so. ft 

Flap chord 0.2^0^ 
Rolf-flap c/ioPd 0.25Q, 




~~~^selag e re^ren o e line 
Wing refe re nce //ne 



/ygurQ 1 .-JTiree view c/romngoffhe Q30-3cob .seno/^n modQf of tho Douglas XTB2D-I Airp/ono. 
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Figured. .— Arrangement of the 0.50' scale XTBZD-I semispan model and 
end-plaie in the l9--foof pressure fvnneL 



(b) Vane -bracket covers. 
Figure 4.- Concluded. 
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Large chord vane 



-52.325 



4' 

Flap 

ii 


OJO flap chord 
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A// dimensions in inches 
Figure 5. -Hap and vanes of the OJOsca/e XTB^D'I semispan model , 
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Figure 6 -Roll-flap and vanes of the 0.50- ocak XTB20-I semispan model. 



0.75 C^. 



5.91 





Wing refe r ence line 



Lengths of links 
LV= U3 



Schernafic linkage system ivas not 
incorporated m the model but the 
flop and the small chord vane were 
moved from retracted to fully 
extended along U,e paths /ndicated. 



f^oth of flap and vane from retracted to fully extended 



0.75c 





y^ing re fer ence line 



I I .oiec^A 



~5^f6 




Cyy - 35. 7 



Small chord vane 



Large chord vane 



Approximate magnitude of v\jinq-vane-flap parameters • 3f = 53'' . 
All di/DGnsions in inches 

NATIONAL ADVISORY 
COMMITTfE FOR AERONAUTICS 

Figure 7 - Vane and flop location for the 030-5cale XTB2D-1 5err)i5PQn model . 
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Figure 8. -Vane and roll- ftp location for the/JB2D-l3emispon model. 




FigurQ 9 Wing- vane- f hp parameters . 
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